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foraging behaviors
Jones, Teri B ; Evans, Julian C ; Morand‐Ferron, Julie
Abstract: Urbanization causes dramatic and rapid changes to natural environments, which can lead the
animals inhabiting these habitats to adjust their behavioral responses. For social animals, urbanized
environments may alter group social dynamics through modification of the external environment (e.g.,
resource distribution). This might lead to changes in how individuals associate or engage in group
behaviors, which could alter the stability and characteristics of social groups. However, the potential
impacts of urban habitat use, and of habitat characteristics in general, on the nature and stability of
social associations remain poorly understood. Here, we quantify social networks and dynamics of group
foraging behaviors of black‐capped chickadees (N = 82, Poecile atricapillus), at four urban and four
rural sites weekly throughout the nonbreeding season using feeders with radio frequency identification
of individual birds. Because anthropogenic food sources in urban habitats (e.g., bird feeders) provide
abundant and reliable resources, we predicted that social foraging associations may be of less value in
urban groups, and thus would be less consistent than in rural groups. Additionally, decreased variability
of food resources in urban habitats could lead to more predictable foraging patterns (group size, foraging
duration, and the distribution of foraging events) in contrast to rural habitats. Networks were found to
be highly consistent through time in both urban and rural habitats. No significant difference was found
in the temporal clumping of foraging events between habitats. However, as predicted, the repeatability
of the clumping of foraging events in time was significantly higher in urban than rural habitats. Our
results suggest that individuals living in urban areas have more consistent foraging behaviors throughout
the nonbreeding season, whereas rural individuals adjust their tactics due to less predictable foraging
conditions. This first examination of habitat‐related differences in the characteristics and consistency
of social networks along an urbanization gradient suggests that anthropic habitat use results in subtle
modifications in social foraging patterns. Future studies should examine potential implications of these
differences for variation in predation risk, energy intake, and information flow.
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hibit	different	behavioral	responses	than	conspecifics	 living	 in	 less	
altered	 rural	 habitats	 (reviewed	 by	 Miranda,	 2017).	 For	 example,	
urban	populations	are	often	found	to	express	more	risk‐prone,	more	








ductive	 success	 and	 offspring	 survival	 (Cheney,	 Silk,	 &	 Seyfarth,	




































associations	may	 be	 of	 particular	 importance	 if	 they	 can	 increase	
the	ability	of	 individuals	 to	 locate	 foraging	patches	and	 thus	mini‐
mize	the	risk	of	starvation,	through	the	use	of	social	foraging	tactics	
(Galef	&	Giraldeau,	2001).
We	 therefore	 predict	 the	 following:	 Social	 networks	 in	 urban	




(less	 temporally	 clumped),	 due	 to	groups	being	 less	 cohesive.	 Less	
cohesive	groups	could	also	lead	to	foraging	events	lasting	longer	in	
urban	areas,	as	dispersed	groups	may	be	less	efficient	at	exploiting	









round	 residents	 throughout	 their	 range	 in	most	of	North	America	
(Foote	 et	 al.,	 2017).	 During	 the	 nonbreeding	 season	 (September–
April),	 birds	 form	 social	 groups	 with	 strongly	 linear	 dominance	
hierarchies	 that	 generally	 range	 in	 size	 from	 eight	 to	 12	 individu‐







Ottawa's	 downtown	 core	 and	 consisted	 of	 partially	 forested	 city	
parks	of	at	 least	200	x	200	m	 in	size.	Residential	housing,	 likely	 to	
contain	 supplemental	 feeders	 (confirmed	 feeders	 at	 three	 of	 the	
four	urban	 sites;	 personal	 observation),	was	 found	within	90	m	of	
each	urban	site.	The	four	rural	sites	were	located	in	large	forested	
patches	 >15	km	 from	 Ottawa's	 downtown,	 and	 all	 contained	 no	
buildings	within	300	m	of	 the	study	 location,	and	 thus,	we	expect	





plastic	 color	band	 to	allow	 for	visual	 identification.	At	each	 site,	 a	
sunflower	 seed	 feeder	 fitted	 with	 a	 single	 modified	 perch	 which	
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&	 Dufault,	 1999),	 individuals	 co‐occurring	 in	 the	 same	 foraging	





















neighbors	 (Brent,	 2015;	 Farine	 &	 Whitehead,	 2015).	 Eigenvector	







We	 tested	 for	 consistency	 in	 overall	 network	 positions	 using	 the	
methods	 suggested	 by	 Wilson,	 Krause,	 Dingemanse,	 and	 Krause	
(2013),	to	account	for	the	nonindependent	nature	of	social	network	
data.	Within	each	site,	we	calculated	 the	variance	 in	each	 individ‐
ual's	 ranked	weighted	degree	and	eigenvector	centrality	across	all	
weekly	networks.	The	sum	of	each	individual's	variance	in	ranks	(SV)	
was	 then	 used	 as	 a	measure	 indicating	 the	 overall	 change	 in	 net‐
work	positions	occurring	between	the	weekly	networks.	This	results	
in	a	 single	observed	variance	value	 (SVO)	 for	each	network	metric	
at	 each	 site.	 Low	 values	 of	 SVO	 indicate	 a	 similar	 relative	 ranking	
of	individuals	across	weekly	networks,	whereas	a	high	value	would	
indicate	that	individuals’	network	positions	are	less	consistent.	The	
observed	 values	 SVO were	 then	 compared	 to	 the	 sum	of	 variance	
values	 obtained	when	 repeating	 the	 analyses	 on	 randomized	 net‐
work	 (SVR).	 For	 every	 sampling	 week	 at	 each	 site,	 we	 generated	
1,000	 random	 networks	 using	 data‐stream	 permutation	 (Farine,	
2017;	Farine	&	Whitehead,	2015).	Within	a	week,	individuals	were	
swapped	between	foraging	events	occurring	on	the	same	day,	pro‐
ducing	 increasingly	 random	 networks.	 Significance	was	 calculated	
as	the	proportion	of	SVR values	from	randomized	versions	of	a	net‐
work	 that	were	 smaller	 than	 the	SVO	obtained	 from	 the	observed	






























of	 events	 can	be	defined	 as	 a	measure	of	 how	 spread	out	 events	
are	 in	time.	Regularly	spaced	events	will	 result	 in	a	 low	amount	of	





where n is	 the	number	of	 intervals	 between	events,	xi	 is	 the	 ith 
interval	between	subsequent	events	(in	seconds),	x1 is	the	interval	
between	the	beginning	of	the	sample	period	and	the	first	event,	
and	xn + 1 is	the	interval	between	the	end	of	the	final	event	and	the	
end	of	 the	sampling	period	N	 (the	end	of	 the	day).	The	resulting	
values	of	each	day's	Hp	are	then	rescaled	between	0	and	1,	where	
0	is	the	least	clumpy	and	1	is	the	most.	For	an	illustration	of	this	
measure,	 see	Appendix	Figure	A1.	We	calculated	 the	Hp of	each	








2.5 | Statistical analysis of foraging metrics
Six	models	were	fitted	to	test	the	effect	of	habitat	type	on	forag‐
ing	 patterns.	 To	 explore	 daily	 foraging	 patterns,	we	 examined	 the	











agers),	 and	 all	 possible	 two‐way	 interactions	 as	 fixed	 effects.	 Site	
was	 fitted	 as	 a	 random	effect.	 The	models	 examining	 duration	 of	
foraging	 events	 and	 clumpiness	metrics	were	 fitted	with	 a	 gauss‐
ian	distribution,	while	all	other	models	were	fitted	using	a	poisson	
distribution.	All	model	 assumptions	were	checked	 (i.e.,	 absence	of	
overdispersion	and	normality	of	residuals).	All	possible	model	combi‐
nations	were	fitted	and	a	model	selection	procedure	was	performed	
using	Akaike's	 information	criterion	 (AICc;	AIC	corrected	 for	 small	
sample	size,	Burnham	&	Anderson,	2004)	to	evaluate	predictor	ef‐




R	v3.2.3	 (R	core	 team,	2015)	using	package	 lme4	 (Bates,	Mächler,	




















The	observed	sum	of	variance	 (SVO)	was	 found	 to	be	 significantly	
lower	than	the	sum	of	variance	from	randomized	networks	(SVR)	at	
all	eight	sites	when	considering	both	an	individual's	weighted	degree	
centrality	and	 their	eigenvector	 centrality	 (Table	1).	Both	network	







events	 in	 urban	 habitats	was	 greater	 in	months	 later	 in	 the	win‐
ter	compared	with	November	(Figure	1a).	Model	selection	for	the	
number	of	 individuals	 in	a	 foraging	event	also	 found	a	 single	 top	
model	 consisting	of	 habitat	 type,	month,	 and	 the	 interaction	be‐
tween	 them	 (Appendix	 Table	A2).	 The	model	 suggested	 that	 the	
number	of	individuals	in	foraging	events	in	urban	areas	decreased	
slightly	 in	 the	 late	 winter	 months	 of	 the	 season	 in	 comparison	
with	November,	whereas	 rural	 groups	 showed	no	consistent	pat‐
tern	 over	 time	 (Figure	 1b).	 Model	 selection	 for	 both	 number	 of	
foraging	events	per	day	(Appendix	Table	A3)	and	total	number	of	
visits	 per	 day	 also	 suggested	 similar	 top	models	 (Appendix	Table	
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the	appendix)	to	test	for	continuous	changes	in	foraging	over	time,	





3.3 | Repeatability of social foraging behavior
The	number	of	individuals	in	a	foraging	event	showed	low	repeat‐
ability	 overall	 and	 the	 repeatability	 of	 the	 duration	 of	 foraging	
events	was	extremely	weak,	with	no	significant	difference	 in	re‐
peatability	 between	 habitats	 (Table	 3).	 Repeatability	 of	 number	
of	 visits	 and	 number	 of	 foraging	 events	 per	 day	 was	 extremely	
weak	 overall	 and	 also	when	 considering	 urban	 and	 rural	 groups	
separately	(Table	4).	Clumpiness	of	arrivals	to	foraging	events	was	





of	 foraging	 events	was	moderately	 repeatable	 overall,	 and	 once	
























SVO p value SVO p value
Aviation	Parkway Urban 10 0.39 <0.01 0.39 <0.01
Carlington	Woods Urban 11 0.57 <0.01 0.58 <0.01
Hampton	Park Urban 10 0.59 <0.01 0.59 <0.01
Pleasant	Park Urban 9 0.33 <0.01 0.29 <0.01
Bell	Bushlot Rural 11 0.49 <0.01 0.48 <0.01
South	Marsh Rural 12 0.52 <0.01 0.54 <0.01
Stony	Swamp Rural 17 0.56 <0.01 0.54 <0.01
Wolf	Grove Rural 10 0.54 <0.01 0.54 <0.01
Note. p	values	obtained	by	comparing	the	SVO of	the	real	network	to	1,000	randomized	ver‐
sions	of	the	networks
TA B L E  2  Adjusted	repeatabilities	of	weighted	degree	centrality	and	eigenvector	centrality,	calculated	for	all	groups,	followed	by	separate	
values	for	urban	or	rural	groups
Metric R 2.5% CI 97.5% CI p value
Weighted	degree	centrality 0.38 0.28 0.46 <0.05
Habitat R 8% CI 92% CI p value
Weighted	degree	centrality Urban 0.41 0.31 0.49 <0.05
Weighted	degree	centrality Rural 0.39 0.3 0.48 <0.05
Metric R 2.5% CI 97.5% CI p value
Eigenvector	centrality 0.45 0.35 0.53 <0.05
Habitat R 8% CI 92% CI p value
Eigenvector	centrality Urban 0.43 0.34 0.52 <0.05
Eigenvector	centrality Rural 0.52 0.43 0.6 <0.05
Note.	95%	confidence	intervals	for	all	groups	and	84%	confidence	intervals	for	urban	or	rural	groups	calculated	via	parametric	bootstrapping.
p	values	calculated	via	comparison	to	the	same	models	carried	out	on	randomized	networks
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habitat	type	did	not	appear	to	have	a	significant	effect	on	many	of	












resources.	 However,	 the	 consistency	 of	 individual	 position	within	 a	
network	was	found	to	be	significant	at	all	sites	and	not	significantly	












Smith,	1991),	which	may	 in	 turn	constrain	 social	 interactions	within	
the	group.	An	individual's	requirement	to	balance	their	foraging	needs	












taining	 associations	over	 the	winter	may	be	 an	 important	 aspect	 of	
subsequent	 breeding	 success.	 In	 any	 case,	 our	 findings	 of	 network	
consistency	 across	 both	 habitat	 types	 indicate	 it	 is	 not	 variation	 in	






















The	slight	 increase	 in	number	of	 individuals	 in	 rural	 areas	could	 re‐
flect	increased	familiarity	with	the	feeder,	particularly	if	rural	groups	
are	 initially	more	neophobic	of	novel	foraging	opportunities	 (Griffin,	






TA B L E  3  Adjusted	repeatabilities	of	number	of	individuals	per	foraging	event	and	duration	of	foraging	events	calculated	for	all	groups,	
followed	by	separate	values	for	urban	or	rural	groups
Metric R 2.5% CI 97.5% CI p value
Individuals	in	foraging	event 0.11 0.03 0.2 <0.01
Habitat R 8% CI 92% CI p value
Individuals	in	foraging	event Urban 0.15 0.02 0.21 <0.01
Individuals	in	foraging	event Rural 0.1 0.01 0.16 <0.01
Metric R 2.5% CI 97.5% CI p value
Duration	of	foraging	events 0.06 0.02 0.13 <0.01
Habitat R 8% CI 92% CI P value
Duration	of	foraging	events Urban 0.09 0.02 0.18 <0.01
Duration	of	foraging	events Rural 0.04 0.005 0.08 <0.01
Note.	95%	confidence	intervals	for	all	groups	and	84%	confidence	intervals	for	urban	or	rural	groups	calculated	via	parametric	bootstrapping.
p	values	calculated	via	least	ratio	tests.
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Neither	 the	 clumpiness	 of	 individual	 arrivals	 to	 foraging	 events	
nor	that	of	overall	foraging	events	appeared	to	be	affected	by	habitat	





to	 cause	 large‐scale	 changes	 or	 that	 group	 cohesion	 in	 chickadees	
is	equally	beneficial	 in	both	habitat	 types.	As	urban	and	 rural	envi‐
ronments	differ	in	a	number	of	features	beyond	resource	abundance	
and	distribution,	it	is	difficult	to	disentangle	these	effects	especially	
if	 they	 act	 differently	 in	 each	 habitat.	 For	 instance,	 social	 stability	
in	 rural	groups	may	be	more	strongly	 influenced	by	 the	benefits	of	
social	foraging	in	a	less	predictable	environment	(Rafacz	&	Templeton,	
2003),	while	habitat	fragmentation	in	urban	sites	may	induce	group	







usage	 differing	 from	 rural	 habitats,	 group	 foraging	 behaviors	 were	
possibly	more	consistent	at	these	sites.	This	is	consistent	with	higher	
repeatability	in	the	urban	habitats	(i.e.,	lower	within‐site	variance),	al‐






predictable	 resources	 (McNamara,	Houston,	 &	 Lima,	 1994).	 Indeed,	
urban	chickadees	 in	our	population	express	faster	exploring	person‐
ality	types	and	higher	repeatability	for	exploratory	behavior	compared	
TA B L E  4  Adjusted	repeatabilities	of	clumpiness	of	first	arrivals	to	foraging	events,	clumpiness	of	foraging	events,	number	of	visits	per	
day,	and	number	of	foraging	events	per	day,	calculated	for	all	groups,	followed	by	separate	values	for	urban	or	rural	groups
Metric R 2.5% CI 97.5% CI p value
Clumpiness	of	first	arrivals 0.11 0.02 0.25 <0.01
Habitat R 8% CI 92% CI p value
Clumpiness	of	first	arrivals Urban 0.33 0.03 0.56 <0.01
Clumpiness	of	first	arrivals Rural 0 0 0.02 0.5
Metric R 2.5% CI 97.5% CI p value
Clumpiness	of	foraging	
events
0.23 0.05 0.42 <0.01
Habitat R 8% CI 92% CI p value
Clumpiness	of	foraging	
events
Urban 0.4 0.04 0.64 <0.01
Clumpiness	of	foraging	
events
Rural 0.05 0 0.14 0.07
Metric R 2.5% CI 97.5% CI p value
Number	of	visits 0.02 0.003 0.042 <0.01
Habitat R 8% CI 92% CI p value
Number	of	visits Urban 0.08 0.01 0.13 <0.01
Number	of	visits Rural 0 0 0.001 1
Metric R 2.5% CI 97.5% CI p value
Number	of	foraging	events 0.03 0.001 0.052 <0.01
Habitat R 8% CI 92% CI p value
Number	of	foraging	events Urban 0.1 0.006 0.18 <0.01
Number	of	foraging	events Rural 0 0 0.002 1
Note.	95%	confidence	intervals	for	all	groups	and	84%	confidence	intervals	for	urban	or	rural	groups	calculated	via	parametric	bootstrapping.
p	values	calculated	via	least	ratio	tests.
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with	their	rural	counterparts	(Thompson,	Evans,	Parsons,	&	Morand‐
Ferron,	 2018).	 Thus,	 individual	 consistency	 in	 behavioral	 responses	
may	 drive	 consistency	 in	 group	 foraging	 behavior.	 Further	 analyses	





atively	 stable	 in	 both	 environments,	 but	more	 so	 in	 urban	 habitats.	
This	result,	in	conjunction	with	recent	work	demonstrating	that	urban	
and	 rural	 mountain	 (Poecile gambeli)	 and	 black‐capped	 chickadees	










haviors.	These	 results	 indicate	 that	despite	social	 information	about	
food	theoretically	being	of	less	value	in	urban	habitats,	there	are	still	
advantages	 to	 cohesion	 and	 stable	 social	 groups	 in	 these	 habitats,	
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TA B L E  A 1  Summary	of	best	fitting	model	of	duration	of	foraging	event
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 337.11 34.7 270.54 403.66 <0.01
Habitat	type	(Rural) 35.88 49.12 −58.31 130.1 0.49
Month	(December) −4.06 9.67 −22.9 15.01 0.67
Month (January) 45.34 14.96 16.1 74.72 <0.05
Month (February) 48.51 9.99 28.96 68.11 <0.01
Month (March) 108.87 10.29 88.75 129.09 <0.01
Habitat type (Rural) : Month 
(December)
−85.79 13.4 −112.15 −59.64 <0.01
Habitat type (Rural) : Month 
(January)
−106.41 19.4 −144.5 −68.46 <0.01
Habitat type (Rural) : Month 
(February)
−87.70 13.72 −114.58 −60.81 <0.01
Habitat type (Rural) : Month 
(March)
−128.69 14.56 −157.29 −100.21 <0.01
TA B L E  A 2  Summary	of	best	fitting	model	of	number	of	individuals	in	a	foraging	event
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 1.43 0.08 1.26 1.61
Habitat	type	(Rural) −0.24 0.22 −0.24 −0.24 0.06
Month (December) −0.005 0.02 −0.005 −0.006 <0.05
Month (January) −0.1 0.03 −0.1 −0.11 <0.01
Month (February) −0.14 0.01 −0.14 −0.14 <0.01
Month (March) −0.25 0.01 −0.25 −0.26 <0.01
Habitat type (Rural): Month 
(December)
0.28 0.03 0.28 0.28 <0.01
Habitat type (Rural): Month 
(January)
0.32 0.04 0.32 0.33 <0.01
Habitat type (Rural): Month 
(February)
0.45 0.03 0.45 0.45 <0.01
Habitat type (Rural): Month 
(March)
0.52 0.03 0.52 0.52 <0.01
TA B L E  A 3  Summary	of	best	fitting	model	of	number	of	foraging	events	per	day
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 2.68 0.19 2.3 3.07 <0.01
Habitat	type	(Rural) 0.46 0.28 0.46 0.46 0.09
Month	(December) −0.24 0.04 −0.24 −0.24 <0.01
Month (January) −0.49 0.06 −0.48 −0.5 <0.01
Month (February) −0.2 0.04 −0.19 −0.2 <0.01
Month (March) −0.44 0.04 −0.44 −0.43 <0.01
Habitat	type	(Rural):	Month	
(December)
0.1 0.05 0.1 0.1 0.06
Habitat	type	(Rural):	Month	
(January)
0.1 0.07 0.09 0.1 0.19
Habitat type (Rural): Month 
(February)
0.27 0.05 0.27 0.28 <0.01
Habitat	type	(Rural):	Month	
(March)
0.04 0.06 0.04 0.04 0.47









TA B L E  A 4  Summary	of	best	fitting	model	of	number	of	visits	to	feeder	per	day
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 4.12 0.25 3.62 4.62 <0.01
Habitat	type	(Rural) 0.23 0.36 0.22 0.23 0.53
Month (December) −0.26 0.02 −0.26 −0.26 <0.01
Month (January) −0.6 0.03 −0.61 −0.61 <0.01
Month (February) −0.31 0.02 −0.31 −0.31 <0.01
Month (March) −0.68 0.02 −0.68 −0.68 <0.01
Habitat type (Rural): Month 
(December)
0.37 0.02 0.37 0.37 <0.01
Habitat type (Rural): Month 
(January)
0.44 0.04 0.44 0.44 <0.01
Habitat type (Rural): Month 
(February)
0.68 0.03 0.68 0.69 <0.01
Habitat type (Rural): Month 
(March)
0.57 0.03 0.57 0.57 <0.01
TA B L E  A 5  Summary	of	best	fitting	model	of	duration	of	foraging	events,	modelling	time	as	a	continuous	variable
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 312.74 33.87 247.72 377.7
Environment	type	(Rural) 12.20 47.84 −79.58 104.04 <0.01
Time	(Days) 127.11 11.30 104.98 149.25 <0.01
Environment	type	(Rural):	
Time	(Days)
−122.73 15.70 −153.5 −91.96 <0.01
TA B L E  A 6  Summary	of	best	fitting	model	of	number	of	individuals	in	a	foraging	event	modelling	time	as	a	continuous	variable
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 1.49 0.09 1.31 1.66
Environment	type	(Rural) −0.18 0.12 −0.18 −0.18 0.14
Time (Days) −0.3 0.02 −0.3 −0.3 <0.01
Environment type (Rural): 
Time (Days)
0.54 0.03 0.54 0.55 <0.01






TA B L E  A 8  Summary	of	best	fitting	model	of	number	of	foraging	events	per	day,	modelling	time	as	a	continuous	variable
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 2.64 0.19 2.26 3.02
Environment	type	(Rural) 0.42 0.27 0.42 0.42 0.12
Time days) −0.39 0.04 −0.39 −0.39 <0.01
Environment type (Rural): 
Time (Days)
0.27 0.06 0.27 0.27 <0.01
TA B L E  A 9  Results	of	AICc	model	selection	on	models	of	clumpiness	of	arrival	events	throughout	a	day
Model parameters df LogL AICc ∆AICc Weight
Null 3 −116.09 238.2 0 1
Habitat	+	Month	+	group	size	+	all	2	way	
interactions
18 −138.82 314.6 76.35 0
TA B L E  A 1 0  Results	of	AICc	model	selection	on	models	of	clumpiness	of	foraging	events	throughout	a	day
Model parameters df LogL AICc ∆AICc Weight
Null 3 129.55 ‐253.1 0 1
Habitat	+	Month	+	group	size	+	all	2	way	
interactions
18 111.85 ‐186.6 66.47 0
TA B L E  A 7  Summary	of	best	fitting	model	of	number	of	visits	to	a	feeder	per	day,	modelling	time	as	a	continuous	variable
Fixed Effects Estimate SE Lower confidence interval Upper confidence interval p value
Intercept 4.12 0.25 3.63 4.62
Environment	type	(Rural) 0.24 0.36 0.24 0.24 0.53
Time days) −0.67 0.02 −0.67 −0.66 <0.01
Environment type (Rural): 
Time (Days)
0.80 0.02 0.80 0.80 <0.01
